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Summary 
Numerous land-based studies have shown that wind farms can have a significant negative effect on 
bat populations due to collisions and barotrauma. Since a few years it is also known that bats migrate 
regularly over the North Sea. In order to reduce uncertainties about possible impacts of the 
development of the offshore wind sector Rijkswaterstaat commissioned a follow-up offshore bat 
monitoring project as part of the WOZEP programme (Offshore Wind Ecological Programme). The 
monitoring will continue until at least 2019 and possibly throughout  2020. After that, the final report 
will be compiled, which will include a spatiotemporal analysis of the offshore occurrence of bats in all 
previous monitoring years. This report provides an overview of the monitoring effort and monitoring 
results in 2017 & 2018.  
 
Currently there are 14 monitoring locations where acoustic bat monitoring is executed, of which seven 
are oil & gas rigs, five are offshore high voltage stations of offshore wind farms and two are 
measurement platforms (Lichteiland Goeree and Europlatform). Since 2017 a new type of batdetector 
(Avisoft) is applied. In order to assess differences between the previously used batdetector 
(Batcorder) we monitored simultaneously with both detectors at three monitoring locations. 
 
The monitoring results in 2017 and 2018 show the same general pattern of occurrence as in previous 
years with Nathusius pipistrelle being the most common species, and Common pipistrelles and 
‘Nyctaloids’ much more scarce. 
 
Furthermore the differences in performance are discussed between the currently used Avisoft detector 
and the previously used Batcorder. It appears that a correction should be applied in order to make 
measurements comparable between the two detectors, and the value of this correction factor depends 
on the time interval used in the analysis. At this moment the precision of the correction factor is 
estimated at 1.17 for 10 minute time intervals. In order to improve the precision to 1.1 simultaneous 
monitoring by both detectors should continue at least two monitoring years. 
 
Finally it is shown that there are obvious differences in occurrence amongst monitoring locations, 
between spring and autumn, as well as amongst years. However, a clear spatial pattern (e.g. from 
south to north or from east to west) does not emerge from this (preliminary) analysis. This should be 
investigated in a statistical model at the end of this project when all data of the entire monitoring 
period will be available as well. 
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1 Introduction  
 Background 
Observers of coastal bird migration annually report bats flying in from sea (Lagerveld et al. 2014a). 
Bats have also been observed during ship-based bird surveys in the North Sea and have been found 
on oil and gas platforms, ships and remote islands (Skiba et al. 2007, Walter et al. 2007, Boshamer & 
Bekker 2008, Petersen et al. 2014). So far there have been eight recoveries of Nathusius’ pipistrelles 
(Pipistrellus nathusii) which have shown that bats are able to cross the North Sea successfully.1 
 
Several acoustic monitoring studies have been carried out in the North Sea in recent years. Hüppop & 
Hill (2016) monitored at the offshore research station FINO 1 in the German territorial Sea from 2004 
– 2015 and in the Dutch territorial sea offshore bat activity was monitored at several locations from 
2012-2016 (Jonge Poerink et al. 2013, Lagerveld et al. 2014a, 2014b, 2015 & 2017b).  
 
Currently it is clear that bats occur regularly at the southern North Sea and Nathusius’ pipistrelle is the 
most common species. Most offshore bat activity occurs in the migration season (roughly from late 
March until late May and from late August until late October) during nights with low to moderate wind 
speeds. A clear spatial pattern in the occurrence of bats at sea was not proven, but differences in 
occurrences amongst locations may indicate a spatial pattern (Lagerveld et al 2017b). 
 
If spatial differences of bat occurrence exist at sea it will be important information for wind farms 
developers and policy makers as bats may become victims of wind turbines due to collisions and 
barotrauma (Kunz et al. 2007, Baerwald et al. 2008, Bach et al. 2014, Brinkmann et al. 2011, Cryan 
et al. 2014, Dürr 2013, Jones et al. 2009, Lehnert et al. 2014, Rydell et al. 2010a, b). In order to 
prevent bats from being killed as well as to prevent downtime of wind turbines due to standstill 
procedures (mitigation measures) it is beneficial for both ecological and economic reasons to situate 
wind farms as much as possible outside areas with high(er) densities of bats. 
 
In April 2017 Rijkswaterstaat commissioned a new offshore bat monitoring project as part of the 
WOZEP program (Offshore Wind Ecological Programme) for ten monitoring locations, extended with 
three additional locations in 2018. The current monitoring project will continue to at least the end of 
2019 and possibly throughout  2020. After that, the final report will be compiled, which will include a 
spatiotemporal analysis of the offshore occurrence of Nathusius’ pipistrelle of all previous monitoring 
years. 
 
The aim of this report is to: 
1. Provide an overview of the monitoring effort and monitoring results in 2017 & 2018. 
2. Compare the performance of the currently used Avisoft bat detectors (2017-2018) with the 
previously used Batcorders (2012 – 2016), and assess the correction factor if necessary. 
3. Provide a preliminary overview of differences in occurrence amongst the monitoring locations and 
years as well as differences in the timing of spring and autumn migration of Nathusius’ pipistrelle. 
  
                                                 
1
 https://www.bats.org.uk/our-work/national-bat-monitoring-programme/surveys/national-nathusius-pipistrelle-survey 
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2 Materials and Methods  
 
 Study area  
Figure 2-1 shows a map of all offshore and coastal locations where acoustic bat monitoring has been 
executed in the period 2012 -2018. The operational 2017-2018 monitoring locations can be found in 
Table 2.1. 
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Normal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-1. Acoustic monitoring network, 2012-2018. See Table 2.1 for the operational 2017-2018 
monitoring locations 
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Table 2.1 Monitoring locations 2017-2018 
 
Number Monitoring location Longitude Latitude Height above sea 
level [m] 
Orientation 
[degrees] 
3 PAWP OHVS 4.24 52.59 15 90 
7 LUD OHVS 4.17 52.4 15 90 
9 Europlatform 3.28 52 15 90 
10 Lichteiland Goeree (LEG) 3.67 51.92 15 90 
12 Belwind OHVS 2.82 51.69 20 90 
13 C-Power OHVS 2.99 51.58 15 60 
15 Neptune L10-AC 4.2 53.4 17 90 
16 Neptune K12-B 3.9 53.34 20 135 
17 Gemini OHVS 6.04 54.04 26 135 
18 Wintershall P6-A 3.76 52.76 23 110 
20 Dana P11-B (de Ruyter) 3.34 52.35 25 90 
21 Wintershall K13-A 3.22 53.05 25 130 
22 Petrogas P9 (Horizon) 3.74 52.55 33 45 
23 Petrogas Q1 (Helder) 4.09 52.92 25 200 
 
 
2.2  Equipment 
Bat activity was monitored with an Avisoft - UltraSoundGate 116Hnbm in combination with an Electret 
ultrasound microphone FG-DT50. The microphone was placed in a waterproof box and connected with 
the soundgate. The performance of the equipment was monitored regularly of the monitoring locations 
with internet connectivity (PAWP OHVS, LUD OHVS,  LEG, Belwind, C-Power, Neptune L10-AC and 
Neptune K12-B). The microphones were replaced twice a year; late February/early March and late 
July/early August. Recalibration of the microphones was done by Avisoft Bioacoustics. 
 
We used the same settings as the German Offshore Bat monitoring program (Figure 2.2) in order to 
be able to pool the Dutch and German data at a later stage. 
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Figure 2.2 Settings of the Avisoft detector 
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Previously , from 2012 – 2016, we monitored offshore bat activity with Batcorders. Details on 
maintenance and settings of the Batcorders can be found in Lagerveld et al (2017b). 
 
In order to compare the performance of Batcorders with the Avisofts, we simultaneously monitored 
with both detectors at Belwind OHVS, PAWP OHVS and LUD OHVS (Figure 2.3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3 Avisoft detector (left) and Batcorder (right) 
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2.3 Data management 
We processed the raw batdetector data to meaningful data (which can be analysed) in five steps: 
1. Retrieval of the raw monitoring data to data repository WUR, either online or by data storage. 
2. Extraction of recordings with bat calls from the raw monitoring data: from the Avisoft detectors 
with the SASLab Pro cross-correlation functionality (for details see Lagerveld et al 2017a) and 
from the Batcorders with BCAdmin 2.0 (for details see Lagerveld et al 2017b). 
3. Manual species identification of bat call recordings using the criteria of Barataud (2016). 
4. Upload monitoring data (species, date/time, monitoring location, monitoring period, number  of 
pulses) and the various metadata tables (monitoring location, monitoring period, equipment, 
analist, software) to the WUR Batbase. 
5. Extraction of data to be analysed. 
 Analysis 
2.4.1 Occurrence 
Since bats are nocturnal, it makes more sense to analyse their occurrence per night instead of per 
calendar day. Therefore we shifted the date limits with 12 hours for the analysis of the data, e.g. 14 
April runs from 14 April 12:00 (UTC) until 15 April 12:00 (UTC). 
 
Differences in behaviour (e.g. foraging versus directional flying) may result in huge differences in the 
number of recorded call sequences, which does not necessarily reflect the relative abundance. An 
alternative indicator of bat activity which limits (but does not solve) this issue is the presence in a 
certain time frame, or the ratio between the presence and absence. In this study we use the number 
of 10 min intervals in which bats have been present as indicator of the relative abundance of bats. 
 
2.4.2 Comparison performance Avisoft & Batcorder 
During the periods when monitoring was executed by both an Avisoft and a Batcorder (Table 2.2), we 
assessed in each time interval whether Nathusius’ pipistrelles had been recorded by either detector for 
different time intervals: 1 minute, 10 minutes, 1 hour, 6 hour and 24 hour intervals. The time on the 
Batcorders is set manually whereas the Avisofts are PC-based. We noted time-shifts up to two minutes 
between the Batcorder and the Avisoft and therefore we ignored time differences between individual 
recordings of two minutes or less during the comparison. 
 
Table 2.2 Overlapping monitoring periods Batcorder & Avisoft 
 
Monitoring location Start End Number of nights 
PAWP OHVS 02-08-2017 08-11-2017 98 
PAWP OHVS 14-03-2018 03-08-2018 142 
LUD OHVS 15-08-2018 31-12-2018 138 
Belwind OHVS 02-08-2017 26-12-2017 146 
Belwind OHVS 19-03-2018 13-07-2018 116 
Belwind OHVS 14-09-2018 20-12-2018 97 
 
At first the ratio in performance was assessed between de Avisoft and the Batcorder by dividing the 
recorded number of Avisoft time intervals by the number of Batcorder intervals (for 1 minute, 10 
minutes, 1 hour, 6 hour and 24 hour intervals). This ratio was used to make Avisoft monitoring results 
(better) comparable with Batcorder monitoring results. 
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Furthermore we assessed the confidence interval of this ratio for 10 min time intervals. Let p be the 
probability that a bat (or at least one bat) is recorded in a 10 minute interval, then pA is the 
conditional probability that it is recorded by the Avisoft detector given that it passes by, and, similarly, 
pB for the Batcorder. Suppose that these probabilities are independent, then the expected counts are 
given in Table 2.3. 
 
Table 2.3 Detection options and probabilities 
 
Detection options Symbol Expected count 
No bat activity recorded by either detector n0 n ((1 - P)+ P(1 - P^A) (1 - P^B)) 
Bat activity recorded by the Avisoft nA   n ((P P^A (1 - P^B)) 
Bat activity recorded by the Batcorder nB n (P(1 - P^A) P^B) 
Bat activity recorded by both detectors nAB n(P P^A P^B) 
 
Straightforward algebra provides simple estimators for the three probabilities. For example: 
 
 
 
The estimated ratio between the two conditional probabilities equals ?̂?A  / ?̂?B.. Confidence intervals for 
this ratio are calculated using the Katz logarithm approach (Gart & Nam, 1988). This method provides 
a confidence factor by which the estimated ratio should be divided or multiplied to obtain the 
confidence interval. The factor is given by 
 
 
 
 
   
 
 
 
 
 
where z = 1.96 can be used to obtain a 95% interval, and where n should be interpreted as the 
number of intervals with bat activity. 
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2.4.3 Differences in abundance and timing 
The earliest Nathusius’ pipistrelle in spring/early summer has been recorded on night 11-3-2018 
(‘Julian’ night in year 70, at LEG) and the latest at night 29-6-2015 (Julian ‘night’ in year 180, at 
PAWP).  The earliest record late summer/autumn has been on night 21-8-2018 (Julian ‘night’ in year  
232, at LEG) and the latest at night 16-11-2018 (Julian ‘night’ in year 320, at LEG). We therefore 
consider the variability for spring migration from night in year 70 to 180 and for autumn migration 
from night in year 232 to 320. 
 
To assess differences in abundance amongst monitoring locations and differences amongst years we 
used the average number of 10 min intervals per night for each monitoring location for both seasons 
in the period 2012-2018. For 2012 – 2016 we used Batcorder data and for 2017 – 2018 we used the 
data obtained by Avisofts. We adjusted the Batcorder data to make them comparable with the Avisofts 
(see paragraph 3.3).  
 
To assess differences in timing amongst years we used the median night in year per season. The 
median date was determined by summing the number of 10 min intervals per night divided by the 
number of operational locations at that particular monitoring night. After that the median 10 min 
interval was assessed with the corresponding night in year. For spring migration we considered 2014, 
2015, 2016 and 2018 (there was no spring monitoring in 2012 and 2017 and in 2013 the monitoring 
started late in the season). For autumn migration we considered 2015, 2016, 2017 and 2018 
(monitoring ended early in the season in 2012, 2013 and 2014). 
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3 Results  
 Monitoring effort 
Table 3.1 Effective monitoring effort per location in 2017 and 2018. 
 
  2017 2018  
Monitoring location Detector Date Night in 
year 
Number 
of 
nights 
Date Night in 
year 
Number 
of 
nights 
Comments 
PAWP OHVS Batcorder 24-7 / 8-11  205 - 312 107 14-3 / 3-8 73 - 215 142 
  
 
PAWP OHVS Avisoft 2-8 / 31-12 214 - 365 151 13-1 / 31-12 13 - 365 352 
  
 
LUD OHVS Batcorder 17-7 / 30-11 198 - 334 136 1-8 / 31-12 213 - 365 152 
  
 
LUD OHVS Avisoft       
4-4 /18-7  
& 15-8 / 31-12 
94 - 199 & 
227 - 365 
243   
Europlatform Avisoft       6-3 / 31-12 65 - 365 300 
  
 
Lichteiland Goeree (LEG) Avisoft 27-9 / 31-12 270 - 365 95 6-3 / 18-11 65 - 322 257   
Belwind OHVS Batcorder 2-8 / 31-12 214 - 365 149 
19-3 / 13-7 & 14-9 / 
20-12 
78 - 194 & 
257 - 354 
213   
Belwind OHVS Avisoft 2-8 / 26-12 215 - 360 145 1-3 / 31-12 60 - 365 305 
  
 
C-Power OHVS Avisoft       28-2 / 31-12 59 - 365 306 
  
 
Neptune L10-AC Avisoft 26-7 / 11-12 207 - 345 138 24-1 / 31-12 24 - 365 341 
  
 
Neptune K12-B Avisoft 18-8 / 31-12 230 - 365 135 1-1 / 31-12 1 - 365 365 
  
 
Gemini OHVS Avisoft       16-3 / 31-12 75 - 365 290 
  
 
Wintershall P6-A Avisoft 31-10 / 1-12 304 - 365 61 11-3 / 21-12 70 - 355 285 
  
 
Dana P11-B (de Ruyter) Avisoft             
from 2019 
onwards 
Wintershall K13-A Avisoft       - -   
no data  
(cable error) 
Petrogas P9 (Horizon) Avisoft       15-11 / 31-12 319 - 365 46   
Petrogas Q1 (Helder) Avisoft       11-9 / 31-12 254 - 365 111   
 
After the start of the project in April 2017 we were able to realise monitoring at PAWP OHVS, LUD 
OHVS, LEG, Belwind, Neptune L10 AC, Neptune K12 B and Wintershall P6 A the same year. 
Europlatform, C-Power, Gemini and Wintershall K13 followed early 2018. After the publication of 
Lagerveld et al. (2017b) Rijkswaterstaat decided to add three monitoring locations to the network, of 
which Petrogas P9 (Horizon), Petrogas Q1 (Helder) were realised in September and November 2018 
respectively and Dana P11-B (de Ruyter) is operational since January 2019. 
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We tried to monitor at the predefined locations throughout the entire active season of bats (roughly 
from mid-March until mid-November), but in some cases downtime occurred due to logistical problems 
and malfunctioning detectors. In particular it was a pity that we did not obtain data from the 
Wintershall K13 platform as a result of a defect cable between the Soundgate and the microphone 
(which was not noted due to the absence of internet connectivity). 
 
The effective monitoring periods per monitoring location are shown in Table 3.1  
 Occurrence of bats per monitoring location 
Figures 3.1 – 3.17 show the occurrence of bats in 10-min intervals per night throughout the 
monitoring season as recorded by the Avisoft detectors at the various monitoring locations. The time 
interval between sunset and sunrise is represented by grey. Different species (or species groups) are 
represented by different colours (Pnat = Nathusius’ pipistrelle Pipistrellus nathusii, Ppip = Common 
pipistrelle Pipistrellus pipistrellus, Nnoc = Common noctule Nyctalus noctula, Nyctaloid = species 
group, includes genera Nyctalus, Vespertilio, Eptesicus. The actual monitoring period is indicated by a 
white background, whereas a pink background indicates no monitoring or recorder switched off. At 
Petrogas P9 (Horizon) no bats were recorded (monitoring started 15 November 2018) and therefore 
this figure is not shown. 
 
The date/time plots of the Batcorders at Belwind OHVS, PAWP OHVS and LUD OHVS can be found in 
Annex 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 Occurrence PAWP OHVS 2017 
 
Figure 3.2 Occurrence PAWP OHVS 2018 
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Figure 3. Occurrence LUD OHVS 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4 Occurrence Europlatform 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 Occurrence Lichteiland Goeree 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6 Occurrence Lichteiland Goeree 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7 Occurrence Belwind 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.8 Occurrence Belwind 2018 
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Figure 3.9 Occurrence C-Power 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.10 Occurrence Neptune L10-AC 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11 Occurrence Neptune L10-AC 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.12 Occurrence Neptune K12-BP 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.13 Occurrence Neptune K12-BP 2018 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.14 Occurrence Gemini 2018 
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Figure 3.15 Occurrence Wintershall P6-A 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.16 Occurrence Wintershall P6-A 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.17 Occurrence Petrogas Q1 Helder 2018 
 
 
 
 
 
 
 
 
 
 
 
 Comparison Avisoft and Batcorder 
Figure 3.18 shows the differences in performance of the Avisoft and the Batcorder based on the 
detection of Nathusius’ pipistrelle in different time intervals: 1 minute, 10 minutes, 1 hour, 6 hour and 
24 hour intervals. It is obvious that the Avisoft records bat calls in more intervals than the Batcorder 
but differences become smaller when the time interval increases.  
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1 minute intervals 
 
Overlap               84 
 
Avisoft total       143 
Batcorder total    95 
 
Ratio Avisoft / Batcorder = 151 % 
 
 
 
 
 
 
 
 
 
 
10 minute intervals 
 
Overlap               67 
 
Avisoft total       118 
Batcorder total    77 
 
Ratio Avisoft / Batcorder = 153 % 
 
 
 
 
 
 
 
 
 
 
1 hour intervals 
 
Overlap               54 
 
Avisoft total        84 
Batcorder total    62 
 
Ratio Avisoft / Batcorder = 135 % 
 
 
 
 
 
 
 
 
 
 
6 hour intervals 
 
Overlap               37 
 
Avisoft total        54 
Batcorder total    43 
 
Ratio Avisoft / Batcorder = 126 % 
 
 
 
 
 
 
 
 
 
 
24 hour intervals 
 
Overlap               31 
 
Avisoft total        42 
Batcorder total    36 
 
Ratio Avisoft / Batcorder = 117 % 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.18 Comparison of the performance of the Avisoft detector and Batcorder in different time 
intervals.  
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The observed counts for 10 minute intervals is shown in table 3.2  
 
 
Table 3.2 Detection options and observed counts 
 
Monitoring location Symbol Observed count 
No bat activity recorded by either detector 
n
0 79468 
Bat activity recorded by the Avisoft 
n
A 51 
Bat activity recorded by the Batcorder 
n
B 10 
Bat activity recorded by both detectors 
n
AB 67 
 
 
The total number of 10 min intervals with bat activity is therefore 10+51+67 = 128. Applying the 
formulas 1-4 it is predicted that bat activity occurred in n = 136 time intervals (8 more intervals than 
observed). The estimated ratio between the two conditional probabilities (?̂?A / ?̂?B) equals 1.53. 
Applying the Katz logarithm approach (formula 5) and using n=136 results in a value of the estimated 
confidence interval of 1.17, which means that the ratio lies between 1.31 and 1.79. 
In order to obtain a confidence interval of 1.1 the number of 10 minute intervals with bat activity 
should be increased to approximately 400 and a confidence interval of 1.05 can be achieved with 1250 
intervals with bat activity. 
 
 Variability amongst monitoring locations and years 
To show the occurrence of bats at each monitoring location the occurrence was expressed as the 
number of 10 min intervals per night per location. In order to make Batcorder monitoring data 
comparable with Avisoft monitoring data we applied a correction factor for the Batcorder data (1.53 
for 10 minute intervals, see paragraph 3.3). Note that monitoring periods amongst the various 
locations may differ (Annex 2). 
 
In spring the average for all years for all monitoring locations combined is 0.08 +/- 0.02 (10 min) 
time intervals per night per location, but differences amongst years and locations are substantial 
(figure 3.19). 
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Figure 3.19 The average number of 10 min intervals with Nathusius’ pipistrelle per night per 
monitoring location for different years in spring, including standard error. 
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In autumn the average for all years for all monitoring locations combined is 0.30 +/- 0.05 (10 min) 
time intervals per night per location, but also here there are significant differences amongst years and 
locations (figure 3.20). 
Figure 3.20 The average number of 10 min intervals with Nathusius’ pipistrelle per night per 
monitoring location for different years in autumn, including standard error. 
 
 Variability in timing  
Figures 3.21 – 3. 32 show the average number of 10 min intervals with Nathusius’ pipistrelle per 
monitoring location per night for spring (night in year 70 – 180) and autumn (night in year 232 – 
320). Note the different scales in spring and autumn. 
 
Both in spring and autumn the occurrence does not only differ in numbers but also in timing, with 
peaks occurring at different moments in the season 
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Figure 3.21 Average number of 10 min intervals 
with bats per monitoring location (n=2) per 
monitoring night (n= 73) Autumn 2012 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.22 Average number of 10 min intervals 
with bats per monitoring location (n=1) per 
monitoring night (n= 87) Spring 2013 
 
 
 
 
 
 
 
 
 
Figure 3.23 Average number of 10 min intervals 
with bats per monitoring location (n=2) per 
monitoring night (n= 101) Autumn 2013 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.24 Average number of 10 min intervals 
with bats per monitoring location (n=3) per 
monitoring night (n= 257) Spring 2014 
 
 
 
 
 
 
 
 
 
 
Figure 3.25 Average number of 10 min intervals 
with bats per monitoring location (n=3) per 
monitoring night (n= 153) Autumn 2014 
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Figure 3.26 Average number of 10 min intervals 
with bats per monitoring location (n=5) per 
monitoring night (n= 437) Spring 2015 
 
 
Figure 3.27 Average number of 10 min intervals 
with bats per monitoring location (n=5) per 
monitoring night (n= 274) Autumn 2015 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.28 Average number of 10 min intervals 
with bats per monitoring location (n=8) per 
monitoring night (n= 658) Autumn 2016 
 
 
 
 
 
 
 
 
 
 
Figure 3.29 Average number of 10 min intervals 
with bats per monitoring location (n=9) per 
monitoring night (n= 656) Autumn 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.30 Average number of 10 min intervals 
with bats per monitoring location (n=6) per 
monitoring night (n= 424) Autumn 2017 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.31 Average number of 10 min intervals 
with bats per monitoring location (n=10) per 
monitoring night (n= 1086) Autumn 2012 
 
 
 
 
 
 
 
 
 
 
Figure 3.32 Average number of 10 min intervals 
with bats per monitoring location (n=12) per 
monitoring night (n=958) Autumn 2018 
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Table 3.4. and Table 3.5 show the monitoring period per year (when at least one monitoring location 
has been operational) as well as the first, median and last occurrence. In some cases this could not be 
assessed due to lacking data (spring & autumn 2012 and spring 2017), or a late start/early end of the 
monitoring (spring 2013 and autumn 2013 & 2014). 
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Table 3.4 Night in year when monitoring started/ended and first, median and last occurrence in spring 
for different years and the average for all years. 
 
 Monitoring Occurrence 
Year Start End First Median Last 
2012 - - - - - 
2013 94 180 - - 126 
2014 65 180 90 112 123 
2015 61 180 93 122 180 
2016 76 180 92 131 164 
2017 - - - - - 
2018 1 180 70 105 154 
Average 59 180 86 118 149 
 
 
The average median date in spring is night in year 118 but the median date seems to be very 
variable. In 2018 it occurred much earlier in the season (night in year 105) and in 2016 much later 
(night in year 131), a difference of 26 days.  
 
Table 3.5 Night in year when monitoring started/ended and first, median and last occurrence in 
autumn for different years and the average for all years. 
 
 Monitoring Occurrence 
Year Start End First Median Last 
2012 242 294 - - - 
2013 181 288 234 - - 
2014 181 287 244 - - 
2015 181 309 241 268 281 
2016 181 321 242 256 316 
2017 181 365 235 268 305 
2018 181 365 232 247 320 
Average 190 318 238 260 306 
 
 
In autumn the average median date is night in year 260. Also here the median date varies amongst 
years. In 2018 it occurred much earlier in the season (night in year 247) and in 2015 and 2017 later  
(night in year 268), a difference of 21 days. 
 
 
 Wageningen Marine Research report C062/19 | 27 of 36 
4 Discussion and conclusions 
 Monitoring results 2017 / 2018 
Two species of bat were recorded during 2017/2018;  Nathusius’ pipistrelle (Pipistrellus nathusii) and 
Common pipistrelle (Pipistrellus pipistrellus). Some recordings could not be identified to species level 
and were classified as the species group Nyctaloid (includes genera Nyctalus, Vespertilio, Eptesicus). 
 
Nathusius’ pipistrelle was the most common recorded bat at sea. Spring migration peaked in April and 
autumn migration peaked in September. Common pipistrelle was much more scarce with a few 
records in spring and autumn. Noteworthy were the occurrences in July 2018 at LEG, C-Power and 
Wintershall P6-A. Nyctaloids were uncommon in general with a few scattered records in May, August 
and October. 
 
Therefore, the offshore occurrence of bats during 2017/2018 matches the general pattern of 
occurrence in previous years (Jonge Poerink et al. 2013, Lagerveld et al. 2014a, 2014b, 2015 & 
2017b). 
 
 
 
 Acoustic monitoring with Avisoft and Batcorder 
 
Monitoring results can be influenced by the type of detector in combination with the settings of the 
detector and the application of different software for the extraction of bat calls from the raw 
monitoring data. Simultaneous monitoring by an Avisoft detector and a Batcorder indicated a much 
better performance of the Avisoft. This corresponds with the findings of Adams et al. (2012) which 
evaluated the performance of several types of batdetectors, including Avisoft and Batcorder.  
In order to make monitoring results comparable a correction factor should be applied, the ratio 
between Avisoft and Batcorder detections. The value of this factor depends on the time interval used 
in the analysis (Paragraph 3.3). 
 
The Avisoft / Batcorder ratio of 10 minute intervals with bat activity was estimated at 1.53 with a 
confidence interval of 1.17 (bandwidth 1.31 - 1.79). In order to make this parameter more precise 
more data must be gathered. At this moment there are four monitoring locations with both an Avisoft 
and a Batcorder (Belwind OHVS, C-power OHVS, LUD OHVS and PAWP OHVS) and previous monitoring 
results (Lagerveld et al. 2015 & 2017b) show that these locations should produce around 125 (10 
minute) time intervals in total annually. A continuation of the monitoring for two years will therefore 
result in a total number of around 380 intervals and a corresponding confidence interval of 
approximately 1.1. If a confidence interval of 1.05 should be achieved simultaneous monitoring at 
these four locations should continue for approximately nine years, in order to reach 1250 intervals. 
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 Variation in time and in space 
There is an obvious difference in relative abundance of Nathusius’ pipistrelles between spring and 
autumn. In spring the average per year for all monitoring locations combined is 0.08 (10 minute 
intervals of bat presence per night per monitoring location), whereas in autumn the overall average is 
0.30 (a factor 4 higher). This seasonal difference may be caused by an increased population in autumn 
(juveniles), but also by more foraging activity due to a higher insect availability at sea (Teunissen & 
Veling 2013). Another possibility may be that bats use different routes in spring and autumn, migrate 
at higher altitudes in spring, or apply different seasonal stopover behaviour as is common in migrant 
birds (See Berthold, 1990 and Newton 2008 for a review). 
 
The relative abundance seems also to vary amongst years, both in spring and in autumn. In spring the 
average abundance (for all monitoring locations combined) ranges from 0.04 in 2013 to 0.29 in 2014 
(a factor 7 difference). In autumn differences range from 0.26 in 2017 to 1.52 in 2014 (a factor 6 
difference). These observed differences are in some extent caused by different monitoring periods 
amongst years and a varying number of monitoring locations (Annex 2). For example in 2014 there 
were only three operational monitoring locations which all had good numbers of bats that year and 
were mainly operational during peak migration periods. However, this is not the only cause as there 
are also marked differences amongst years at the same monitoring locations with similar  monitoring 
periods, e.g. Lichteiland Goeree in spring and autumn, as well as PAWP OHVS in autumn (Annex 2 and 
figures 3.19 & 3.20). However there are also monitoring locations which appear to receive a more 
stable number of seasonal bats (e.g. OWEZ in autumn, figure 3.20).  
 
Differences in abundance amongst years may reflect actual fluctuations in numbers, for example due 
to differences in mortality or reproduction success, but may also be caused by following different 
migration routes or stopover behaviour, e.g. as a result of weather conditions along the way. From the 
study by Lagerveld et al (2017b) it is clear that in particular low to moderate tailwind conditions 
trigger migration over sea. This weather dependency may well be a cause for differences in timing 
amongst years. We found a substantial variance in timing of migration amongst years; a difference up 
to 26 days of the median date of occurrence amongst years in spring and a difference of 21 days in 
autumn. 
 
A clear spatial pattern (e.g. from south to north or from east to west) does not emerge from this 
(preliminary) analysis. This should be investigated in a statistical model at the end of this project 
when the 2019 -and possibly the 2020- data will be available as well. Note that the geographical scope 
of this spatial analysis will be the Dutch and Belgian territorial sea roughly between Ostend and Texel. 
As there is only one operational monitoring location north of the Wadden Islands (Gemini) it is 
currently not possible to include other areas of the southern North Sea in the spatial analysis. 
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5 Quality Assurance 
Wageningen Marine Research utilises an ISO 9001:2015 certified quality management system. This 
certificate is valid until 15 December 2021. The organisation has been certified since 27 February 
2001. The certification was issued by DNV GL.  
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Annex 1 Batcorder results 2017 -2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.1 Date/time plot PAWP OHVS 2017 
(Batcorder) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.2 Date/time plot PAWP OHVS 2018 
(Batcorder) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.3 Date/time plot LUD OHVS 2017 
(Batcorder) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.4 Date/time plot LUD OHVS 2018 
(Batcorder) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.5 Date/time plot Belwind 2017 (Batcorder) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.6 Date/time plot Belwind 2018 (Batcorder) 
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Annex 2 Monitoring periods 2012 – 2018 
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Annex 3 Multiple individuals 
Recordings of Nathusius’ pipistrelles with at least two individuals present simultaneously. 
 
Monitoring location Date Time (UTC) 
Neptune - L10 18-09-2017 10:30:16 
LEG 18-10-2017 20:20:29 
Neptune - L10 19-04-2018 19:14:27 
Neptune - L10 19-04-2018 19:14:40 
Neptune - L10 19-04-2018 19:19:13 
Neptune - L10 19-04-2018 19:19:36 
Neptune - L10 19-04-2018 19:19:44 
Neptune - L10 19-04-2018 19:19:59 
Neptune - L10 19-04-2018 19:20:22 
LEG 10-04-2018 21:57:22 
LEG 10-04-2018 22:03:47 
LEG 10-04-2018 22:05:16 
LEG 10-04-2018 22:06:00 
LEG 10-04-2018 22:18:57 
LEG 10-04-2018 22:19:12 
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